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PRELIMINARY FINDINGS MEMORANDUM
SUBTIDAL CAP HYDROGRAPHIC SURVEY
YEAR 4 MONITORING

INTRODUCTION

This memorandum presents the findings from the Year 4 (2010) Subtidal Cap Hydrographic
Survey performed in subtidal slope, grout mat, and channel sand cap areas of the Thea Foss
and Wheeler-Osgood Waterways. The hydrographic survey was performed using compatible
methodology in accordance with the methods described in Attachment A-1 of the Physical Cap
Integrity Operations Manual in Appendix A of the Operations, Maintenance, and Monitoring Plan
(OMMP) for the Thea Foss and Wheeler-Osgood Waterways Remediation Project (City of
Tacoma, 2006) and in accordance with the USACE Engineering Manual 1110-2-1003, and
subsequent manual revisions.

The OMMP requires that multibeam hydrographic surveys be completed in Years 2, 4, 7, and 10
following remedial action construction and be compared to post-construction surveys.
Multibeam hydrographic surveys were completed in capped areas in December 2005 and
February 2006 upon completion of remedial action construction except for in Remedial Area 1
(RA 1) and RA 3. Post-construction single beam hydrographic surveys were completed in RA 1
and RA 3 in 2003 upon compietion of remediation in these areas. The post-construction
hydrographic surveys completed in 2003 and 2005/2006 are used as the baseline (Year 0)
bathymetric conditions for the capped areas.

The objective for OMMP multibeam hydrographic surveys of subtidal capped areas is to gather
data with sufficient density of spot elevations and overlapping beam width to provide complete
and comprehensive coverage. Data from the OMMP surveys are compared to previous surveys
to assess the integrity of the cap in terms of potential long-term changes in cap thickness within
the subtidal slope cap and channel sand cap areas.

The following sections summarize hydrographic survey requirements, the findings of the Year 4
hydrographic survey and the results of the comparative analyses between baseline and Year 4
surveys, and Year 2 and Year 4 surveys. Included with this memorandum are attachments that
contain the hydrographic survey contractor’'s (David Evans Associates Inc. [DEA]) reports
describing survey equipment and procedures for the baseline and Year 2 (2008) surveys
(Attachment A), and the Year 4 survey (Attachment B). Survey transect lines for the baseline,
Year 2, and Year 4 surveys are included as Attachment C.

SUMMARY OF OMMP HYDROGRAPHIC SURVEY REQUIREMENTS

The OMMP specifies that in Years 2, 4, 7, and 10 monitoring be performed to verify cap integrity
and performance to ensure containment of the underlying contaminated sediments. The
subtidal cap performance monitoring program is designed to detect and evaluate long-term
changes in cap thickness to ensure compliance with performance criteria. Hydrographic
surveys are to be performed in subtidal slope, grout mat, and channel sand cap areas to
evaluate changes (scour / erosion or deposition) in cap thickness as indicated by changes in
elevation over time. Subtidal hydrographic survey areas are shown in Figure 1.
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As specified in the OMMP, the hydrographic surveys are to be performed using compatible
methodology in accordance with the methods as described in USACE Engineering Manual
1110-2-1003 and the methods as described in Attachment A-1 of the Physical Cap Integrity
Operations Manual in Appendix A of the OMMP.. The intent is for transect locations to follow, to
the extent possible, those used in the baseline survey to ensure that the most comparable data
are collected.

Hydrographic survey results are compared to previous monitoring surveys to evaluate apparent
changes in the cap elevation over time and to identify any potential erosional areas.-
Consolidation of underlying sediments will be considered in the evaluation of apparent changes
incap thickness, especially during the early years of monitoring. Hydrographic survey data will
be evaluated to identify whether there are areas where a contiguous region of the cap exhibits
greater than six inches of net erosion relative to previous surveys. One of the performance
criteria for the long-term compliance of the sediment cap areas is to maintain a minimum cap
thickness of three feet as per the Record of Decision (ROD). A loss of six inches or more of cap
thickness will trigger the evaluation of potential response actions. A potential response action
may include additional surveys or supplemental field inspections to delineate areas with a loss
of more than one foot of cap material and to collect additional information to determine potential
causes of the cap material loss, if needed. Included in the OMMP is the Cap Integrity
Monitoring Decision Matrix, which includes the evaluation of hydrographic survey data (Figure
2-5 of the OMMP).

The Year 4 multibeam hydrographic survey was performed in accordance with the EPA-
approved methods and procedures described in the Physical Cap Integrity Operations Manual
(Appendix A of the OMMP). The hydrographic survey contractor report, documenting the
equipment and procedures used to conduct the Year 4 survey, is provided in Attachment B.

BASELINE (YEAR 0) HYDROGRAPHIC SURVEYS

The post-construction hydrographic surveys completed in 2003 and 2005/2006 are used as the
baseline bathymetric conditions for the cap areas. There are a total of 16 remedial areas that
"have subtidal slope, grout mat, and/or channel sand caps. An overview of the baseline
bathymetric conditions for all 16 remedial areas is shown in Figure 2.

2003 Baseline Surveys -RA1and RA 3

The baseline (post-construction) hydrographic surveys for RA 1 and RA 3 were performed in
February 2003. These 2003 post-construction surveys were single beam hydrographic surveys
performed using Manson Construction Company’s (Manson) survey boat and equipment, with
survey data processed by Parametrix. Baseline bathymetric conditions are presented in Figure
2, and for individual Remedial Areas in the Year 2 Subtidal Cap Hydrographic Survey
Preliminary Findings Memorandum (Year 2 PFM).

The 2003 single beam hydrographic survey was conducted aboard the Manson vessel Bub.
Soundings were acquired with an Innerspace single frequency fathometer using a frequency of
448 kilo hertz (kHz). The HYPACK MAX hydrographic data collection software was used to
integrate a Starlink DNAV212G differential Global Positioning System (GPS) for accurate
positioning, the Innerspace fathometer, and a Hazen Tide Gauge for tidal adjustments. 2003
baseline single beam hydrographic surveys were performed in accordance with USACE
standards. Specifications for equipment used to perform the baseline 2003 single beam
surveys are provided in Attachment A.
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2005/2006 Baseline Surveys — RA 5, RA 6, RA7A, RA8, RA9, RA 14, RA 16, RA17,RA
18, RA 19A, RA 19B, RA 20, RA 21 and RA 22

The baseline multibeam hydrographic surveys for RAs 5, 6, 7A, 8, 9, 14, 16, 17, 18, 19A, 19B,
20, 21 and 22 were performed during two time periods: December 21-22, 2005 and February

12, 2006. Baseline bathymetric conditions for subtidal slope, grout mat, and channel sand cap
areas in RAs 5 through 22 are presented in Figure 2.

The 2005/2006 post-construction surveys were multibeam hydrographic surveys performed by
David Evans and Associates Inc. (DEA). The hydrographic survey report summarizing the
equipment and procedures used for the baseline hydrographic survey, prepared by DEA, is
provided in Attachment A.

The 2005/2006 hydrographic survey was conducted aboard DEA’s 33-foot vessel John B
Preston. Soundings were acquired with a Reson SeaBat 8101 multibeam bathymetric sonar
using a frequency of 240 kilo hertz (kHz). The system records 101 soundings in a single sonar
ping with a 150° swath and with 15° roll bias to starboard. Accurate positioning was determined
using a Trimble MS750 RTK Global Positioning System (GPS) rover, located on the vessel with
a base station positioned at a control point located on the south side of the Wheeler-Osgood
Waterway. '

Multibeam data was collected by running lines both parallel and perpendicular to the waterway
for the length of the project. In many areas, obstructions from construction activities prevented
the vessel from surveying close to the shoreline. Several areas were inaccessible or blocked by
large vessels, floats or obstructions. For this survey, the sonar head was mounted with a 15°
starboard angle to allow for maximum coverage of side slope areas. This enabled coverage
over a range of 90° from nadir (straight down) to starboard and 60° from nadir to port with a
recorded depth every 1.5°. The areas where coverage was not obtained in the baseline
multibeam survey are identified in Figure 2 as white areas without the hill shade bathymetry
located within the RA subtidal hydrographic survey areas.

The accepted angles were opened up along the slopes and to reach under obstructions. The
total swath width of full coverage mapping in a single pass varied with the water depth.

To account for vessel heading, heave (vertical movement), pitch and roll, an Applanix POS/MV
motion reference sensor was utilized. By utilizing vessel speed over ground and heading data
provided by GPS, the POS/MV isolates horizontal accelerations from vessel turns and provides
highly accurate motion data. The POS/MV system was also used to record vessel heading
(yaw) from which the sonar beam orientation was derived.

YEAR 2 HYDROGRAPHIC SURVEY

The Year 2 multibeam hydrographic survey was conducted by DEA on March 5-6, 2008, with
additional quality control checks performed on March 7, 2008. An overview of the Year 2
bathymetric conditions for all 16 RAs is shown in Figure 3. The Year 2 multibeam survey is
shown for each subtidal cap area in Figures 4 through 12.

The objective of the Year 2 multibeam survey was to obtain elevation data for subtidal capped

areas, defined as the capped areas within RA boundaries extending up the shoreline to a target
elevation of 0 feet Mean Lower Low Water (MLLW). Intertidal slope caps placed along the
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shoreline at elevations above 0 feet MLLW are monitored by low tide slope cap inspections as
described in the OMMP. Low tide slope cap inspections are also performed along the shoreline
extent of subtidal caps to supplement the hydrographic survey analysis in areas where complete
hydrographic coverage is limited due to the presence of structures, marina docks, and other
facilities. The hydrographic survey contractor reports summarizing the equipment and
procedures used for the Year 2 hydrographic survey are provided in Attachment A.

Consistent with the baseline surveys, soundings were acquired with a Reson SeaBat 8101
multibeam bathymetric sonar using a frequency of 240 kilo hertz (kHz), The system records

101 soundings in a single sonar ping with a 150° swath and with 15° roll bias to starboard..

" Accurate positioning was determined using a Trimble MS750 RTK Global Positioning System
(GPS) rover, located on the vessel with a base station positioned at a control point located on
the south side of the Wheeler-Osgood Waterway. The survey was conducted aboard DEA’s 33-
foot vessel John B Preston.

Multibeam data was collected by running lines both parallel and perpendicular to the waterway
for the length of the project. Unlike the baseline hydrographic survey, construction activities
were not occurring during the Year 2 survey and as a result the vessel was able to survey closer
to the shoreline. However, in many areas, the survey vessel had to be “walked” along tight
spaces between the shoreline and docks and floats to get the maximum coverage possible.
Very few areas were inaccessible. For this survey, the sonar head was mounted with 15°
starboard angle to allow for maximum coverage of side slope areas.

To account for vessel heading, heave (vertical movement), pitch and roll, an Applanix POS/MV
motion reference sensor was utilized. By utilizing vessel speed over ground and heading data
provided by GPS, the POS/MV can isolate horizontal accelerations from vessel turns and
provide highly accurate motion data. The POS/MV system was also used to record vessel
heading (yaw) from WhICh the sonar beam orientation was derived.

YEAR 4 HYDROGRAPHIC SURVEY

Summary of Year 4 Field Activities

 The Year 4 multlbeam hydrographic survey was conducted by DEA on March 1-3, 2010, with
additional quality control checks performed before and following completion of the survey. The

objective of the Year 4 multibeam survey was to obtain elevation data for subtidal capped areas,

defined as the capped areas within RA boundaries extending up the shoreline to a target -
elevation of 0 feet MLLW. Intertidal slope caps'placed along the shoreline at elevations above 0
feet MLLW are monitored by low tide slope cap inspections as described in the OMMP. Low
tide slope cap inspections are also performed along the shoreline extent of subtidal caps to
supplement the hydrographic survey analysis in areas where complete hydrographic coverage
is limited due to the presence of structures, marina docks, and other facilities. The hydrographic
survey contractor reports summarizing the equipment and procedures used for the Year 4
hydrographic survey are provided in Attachment B.

Consistent with the baseline surveys, soundings were acquired with a Reson SeaBat 8101 .
multibeam bathymetric sonar using a frequency of 240 kilo hertz (kHz). The system records

"~ 101 soundings in a single sonar ping with a 150° swath and with 15° roll bias to starboard.
Accurate positioning was determined using a Trimble MS750 RTK Global Positioning System
(GPS) rover, located on the vessel with a base station positioned at a control point located on
the east side of the Thea Foss Waterway. The control point used in the previous Year 2 survey,
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control point #2014, was found to be destroyed, and was not available for use in the Year 4
survey. It was determined that the selected control point (control point #2011) was out of
position from the published coordinates and elevation, however collection of additional
positioning data from three additional control points in the area allowed for valid adjustment to
the data during post processing. This is discussed in detail in the DEA methods and procedures
memorandum included as Attachment B. The survey was conducted aboard DEA’s 33-foot
vessel John B Preston. '

Multibeam data was collected by running lines both parallel and perpendicular to the waterway
for the length of the project. Similar to the Year 2 hydrographic survey, construction activities
were not occurring during the Year 4 survey and as a result the vessel was able to survey closer
to the shoreline. Again, there were some areas where the survey vessel had to be “walked”
along tight spaces between the shoreline and docks and floats to get the maximum coverage
possible. Additionally, multiple passes were performed with the survey vessel to try to acquire
additional data in some areas where access was obstructed by marine structures.

Very few areas were inaccessible. For this survey, the sonar head was mounted with 15°
starboard angle to allow for maximum coverage of side slope areas.

To account for vessel heading, heave (vertical movement), pitch and roll, an Applanix POS/MV
motion reference sensor was utilized. By utilizing vessel speed over ground and heading data
provided by GPS, the POS/MV can isolate horizontal accelerations from vessel turns and
provide highly accurate motion data. The POS/MV system was also used to record vessel
heading (yaw) from which the sonar beam orientation was derived.

The following sections summarize the findings of the Year 4 hydrographic survey, and present
the comparison of the baseline and Year 2 surveys to the Year 4 survey.

Year 4 Hydrographic Survey Results

As described above, the Year 4 hydrographic survey was conducted in March 2010. An
overview of the Year 4 bathymetric conditions for all 16 RAs is shown in Figure 13. The Year 4
multibeam survey is shown for each subtidal cap area in Figures 14 through 22.

In general, the Year 4 survey was comprehensive, with a greater level of coverage than the
Year 2 survey with only a few small scattered areas between approximately 5 and 15 feet wide
where complete survey data could not be collected. The areas where the extent of the Year 4
survey coverage was not complete are discussed below with the results for each RA.

Comparability of the Year 4 Survey to Baseline and Year 2 Surveys

The systems and procedures used for the baseline, Year 2, and Year 4 multibeam hydrographic
surveys resulted in very good repeatability and survey comparability. The comparability of
baseline and Year 2 multibeam surveys to the Year 4 multibeam survey is presented in the DEA
equipment and procedures memorandum included in Attachment B. The following systems and
procedures that are used to evaluate comparability are discussed in detail in the DEA
memorandum: ' K

e Equipment: Nearly identical equipment was used in all three surveys. Only the control
points varied between the three surveys. The control points that were used for the Year
2 and Year 4 surveys were established during remediation construction. The control
points that were used for the baseline survey were destroyed by construction activity.
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e Survey Coverage and Line Orientation: During the baseline survey, obstructions,
generally resulting from construction activities, prevented the vessel from surveying
close to the shoreline. However, in the Year 2 and Year 4 surveys, nearly complete
coverage of subtidal capped areas was achieved. In general, the trackline orientation of
the surveys was controlled by the shape of the waterway and the locations of various
marine structures. Therefore, similar transect lines for the surveys were produced. It
should be noted, however, that the need for-duplicating survey transects is not as
significant with multibeam surveys, as it is with single beam surveys. The transect lines
generated during the baseline, Year 2, and Year 4 surveys are presented in Attachment
c. . _

¢ Quality Control and Checks: Similar quality control procedures were used in all three
surveys, which include control points, sound velocity casts, lead line soundings, and
comparisons of RTK tide data to observed NOAA tides, among others. These quality
control procedures are aiso discussed in the survey equipment and procedures
memorandums for the baseline, Year 2 and Year 4 multibeam surveys (Attachments A
and B). -

¢ Feature Matching: Data from a distinct.feature in the central portion of the channel was
used to further provide quality assurance of the multibeam surveys. The hill shade
survey of the remnant bridge footing showed good repeatability between ail three
surveys. ' : ‘

As consistent equipment, procedures, and quality control were performed for the baseline, Year
2 and Y.ear 4 multibeam hydrographic surveys, the surveys are comparable. As the survey
coverage was comprehensive and nearly complete, the Year 4 bathymetric data will provide an
excellent surface for future OMMP survey comparisons.

In RAs 1 and 3, single beam surveys were performed during the baseline survey while in Year 2
and Year 4, multibeam surveys were performed. Additionally, in shoreline locations, as
described below, post-construction single beam surveys performed by Manson were reviewed
and compared to the Year 2 and Year 4 multibeam surveys to evaluate cap surface elevations.
Although, in general, the baseline single beam surveys performed in 2003 by Manson and
Parametrix in RAs 1 and 3 and the Year 2 and Year 4 multibeam surveys are in relatively good
agreement, differences are evident on the shoreline slopes. The Year 2 and Year 4 multibeam
surveys tend to be a smoother line than the baseline single beam surveys. In general, the Year
2 and Year 4 surveys were in a tighter alignment than the baseline survey. These are potential
artifacts or variability that can result from the comparison of single beam to multibeam surveys.
Differences between the single beam and multibeam surveys along shoreline slopes are most
likely attributable to transducer beam width. The single beam echo sounder assumes that the
first returned echo is located directly below the transducer. However, the cone of the transducer
senses the upslope shoreline bottom, but still assumes it is directly beneath it, therefore the
recorded depths appear slightly shallower than the true depth from the center of the beam
directly below the transducer. The wider the beam, or the further upslope, the greater the
potential difference in.the true depth. Latency can also contribute to potential slope
discrepancy. Latency causes the current depth at which the transducer is located to be logged
with the navigation location of the previous reading location, therefore, appearing to be farther
down slope; the deeper depths would be recorded in upslope positions making the slope appear
deeper than it actually is.
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The baseline, Year 2 and Year 4 hydrographic surveys and bathymetric contours are presented
relative to a project specific datum, referred to throughout this document as the USACE Port of
Tacoma MLLW vertical datum, for the tidal epoch where NGS Benchmark Tidal 22 = 20.0 feet,

converted from NGVD 29 and consistent with the datum used for remedial construction.

COMPARISON OF THE YEAR 4 SURVEY TO BASELINE AND YEAR 2 SURVEY
RESULTS

The following sections present the comparison of baseline and Year 2 survey results to the
results of the Year 4 hydrographic survey performed in subtidal cap areas. In RAs 5, 6, 7A, 8,
9, 14, 16, 17, 18, 19A, 19B, 20, 21 and 22, multibeam surveys were performed during baseline,
Year 2 and Year 4. In RAs 1 and 3, single beam surveys were performed during baseline while
multibeam surveys were performed during Year 2 and Year 4.

The comparison of the baseline multibeam bathymetric surface to the Year 4 multibeam
bathymetric surface is presented in Figure 23. The bathymetric surfaces of RAs 1 and 3 were
not included in the comparison provided in Figure 23 as single beam baseline surveys were
performed in these RAs. The Year 2 multibeam bathymetric surface is compared to the Year 4
multibeam bathymetric surface in Figure 24. This figure does include a comparison of the Year
2 and Year 4 multibeam bathymetric surface for RAs 1 and 3 since they were performed in a
similar manner.

The gray areas of the waterways in Figures 23 and 24 indicate areas where the change in
elevations between the Year 4 survey compared to the baseline survey and the Year 2 survey
are within +/- six inches and within the allowable accuracy of the survey equipment. Elevations
highlighted in shades of green indicate areas that are shallower (i.e., higher elevations) in Year
4 relative to the baseline elevations surveyed in 2005/2006 or the Year 2 elevations surveyed in
2008. Elevations highlighted in shades of blue indicate areas that are deeper (i.e., lower
elevations) in Year 4 than in 2005/2006 or 2008.

In shoreline slope areas that were inaccessible or blocked by large vessels, floats or
obstructions, the baseline multibeam survey had to use wider sonar angles along the slopes
and to reach under such obstructions, which can result in less accurate readings. In these
shoreline slope areas where the baseline survey coverage was limited, there appears to be
greater variance between the baseline and the Year 2 and Year 4 cap surface elevations, likely
as a result of the wider sonar angles.

As single beam surveys provide a narrow transect of data in comparison to the broad coverage
provided by multibeam surveys, the comparison of the baseline survey to the Year 2 and Year 4
surveys for RAs 1 and 3 is performed using cross sections. Four cross sections were prepared
at regular intervals within each RA to represent typical conditions in RAs 1 and 3 (Figures 25
through 28). Cross sections were also used for comparison in shoreline slope cap areas where
the comparison of baseline to Year 2 and Year 4 hydrographic surveys were difficult due to
limited coverage of the baseline multibeam survey. Cross sections comprised of Manson single
beam surveys, Year 2 multibeam and Year 4 multibeam survey data were prepared and are
discussed in specific RA sections below.

As specified in the OMMP and described above, one of the performance criteria for the long-
term compliance of the sediment cap areas is to maintain a minimum cap thickness of three feet
as per the ROD. A loss of six inches or more of cap thickness as determined from the cap
integrity hydrographic surveys will trigger the evaluation of potential response actions. The
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potential response actions may include additional surveys or supblemental field ihspections to
delineate areas with a loss of more than one foot of cap material and to collect additional
information to determine potential causes of the cap material loss, if needed.

The results of survey comparisons are presented below for each RA that includes subtidal
capped areas. The following sections describe the capped area within each RA, the
composition of subtidal cap, extent of coverage of the baseline, Year 2 and Year 4 hydrographic
surveys, and results of the survey comparisons.

Remedial Area 1

The subtidal cap area in RA 1 is located on the western side of the channel adjacent to Thea’s
Park between approximate Station 2+00 and Station 7+00, at the mouth of the channel (Figure
1). The subtidal cap area in RA 1 consists of slope cap comprised of riprap, slope cap filter
material, and habitat mix.

The Year 4 multibeam survey provided complete coverage of the capped area within RA 1,
similar to the Year 2 survey (Figures 14 and 4, respectively). The baseline (post-construction)
survey in RA 1 was conducted using single beam surveys. Therefore, the baseline and Year 4
cap surveys are evaluated by comparing elevations along prepared cross sections located
along single beam survey transects. Since both the Year 2 and Year 4 surveys were conducted
using muitibeam, comparison of the Year 4 survey to the Year 2 survey is shown in Figure 24.
Figure 25 shows the cross section or transect locations throughout the capped area of RA 1.
Figure 26 presents the comparison between the baseline, Year 2 and Year 4 elevations at each
of four cross section locations: A-A’, B-B’, C-C’, and D-D’. The surface elevations for each of
the three surveys, at 10-foot intervals along the cross sections, as well as the difference
‘between the baseline and the Year 4 elevations and between the Year 2 and Year 4 elevations
are shown on the bottom of each cross section.

The channel capped areas of RA 1 in the baseline, Year 2 and Year 4 surveys (i.e., below
approximate elevations -25 to -30 feet MLLW) show consistent elevations, do not indicate any
compaction or erosion, and are within six inches of each other and within the allowable
accuracy of the survey equipment. However, along the shoreline slope capped areas, the Year
4 survey shows elevations that are lower than the baseline elevations in the cross sections
discussed above. The decrease in slope cap elevations from baseline to Year 4 along the RA
ccross sections ranges from less than six inches to 2.4 feet. Elevations of the Year 4 survey are’
generally within 0 to 0.2 feet of the Year 2 survey elevations as shown by the cross sections,
and the comparison figure (Figure 24). Consistent with the Year 2 surveyed elevations, the
Year 4 elevations along the slope and channel do not indicate sloughing, since at the toe of the
slope the elevations are relatively consistent. The survey comparison of Year 4 to Year 2 and
_baseline potentially indicates that some settlement or subsidence occurred between
construction and the Year 2, but does not indicate any additional settlement or subsidence of
the slope cap materials occurred between Year 2 and Year 4.

Potential artifacts or variability can result from the comparison of single beam to multibeam
surveys. Differences between single beam and multibeam surveys along shoreline slopes are
most likely attributable to the transducer beam width, but can also include latency and draft
issues. The deeper flat channel areas that were surveyed by the single beam surveys as
baseline and by multibeam surveys in Year 2 and Year 4 agreed well, which wouId indicate that
there are no vertical datum or draft issues.
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No response actions are warranted based on the results of comparison of baseline and Year 4
hydrographic surveys in RA 1. An evaluation of the results indicates that there are no
indications of sloughing or erosional forces and that the likely differences in slope elevations are
either a potential artifact and variability between comparing the elevations from single beam and
multibeam surveys or potential settlement, or subsidence has occurred along the shoreline
slope following construction and prior to Year 2. No additional settlement or subsidence of the
slope cap materials was observed from Year 2 to Year 4. This area will be further evaluated in
the Year 7 hydrographic survey analysis.

Remedial Area 3

The subtidal cap area in RA 3 is located on the eastern side of the channel adjacent to
Commencement Bay Marine (formerly Totem Marine) between approximate Station 27+00 and
Station 31+00 (Figure 1). The subtidal cap area in RA 3 consists of grout mat or a slope cap
comprised of riprap, slope cap filter material, and habitat mix.

The Year 4 multibeam survey provided complete coverage of the capped area within RA 3
(Figure 15). Two areas of limited coverage during the Year 2 survey (Figure 5) were accessible
during the Year 4 survey. Similar to RA 1, the baseline survey in RA 3 was conducted using
single beam surveys. Therefore, comparison of the Year 4 survey to baseline was conducted
by comparing elevations along prepared cross sections. Figure 27 shows the cross section
locations throughout the capped area of RA 3. Figure 28 presents the comparison between the
baseline, Year 2 and Year 4 elevations at each of four cross section locations: E-E’, F-F’, G-G’,
and H-H’. The surface elevations for each of the three surveys at 10-foot intervals along the
cross sections, as well as the difference between the baseline and the Year 4 elevations, and
between the Year 2 and Year 4 elevations are shown on the bottom of each cross section.

In the harbor areas of RA 3 (i.e., below approximate elevations of -25 feet MLLW), the baseline,
Year 2, and Year 4 surveys show consistent elevations, do not indicate any compaction or
erosion, and are within six inches of each other. However, along the shoreline slope capped
areas the Year 4 survey shows increased variability in the cap surface compared to baseline,
with elevations that are both lower and higher than the baseline elevations. The largest
difference in elevation in RA 3 indicated in the Year 4 and baseline survey comparison is
located in cross section F-F’, where the Year 4 slope elevation of +9.0 was surveyed to be 1.9
feet higher than the baseline elevation. The higher Year 4 elevation is relatively consistent with
the Year 2 survey, as the Year 2 elevation was 1.5 ft higher than the baseline elevation. Also
consistent with the Year 2 survey, the largest decrease in elevation in Year 4 compared to
baseline was located in cross section E-E’, with a decrease of 1.6 feet. In Year 2 the elevation
at this cross section was 1.7 feet lower than baseline. Similar to RA 1, the Year 4 elevations
along the slope and channel do not indicate sloughing, since at the toe of the slope the
elevations are relatively consistent and within the allowable accuracy of the survey equipment.
The Year 4 and Year 2 cross section elevations are consistent with few elevation differences.
Comparison of the Year 2 and Year 4 muitibeam surveys, shown in Figure 24, indicates
scattered, small scale occurrences of both increased and decreased elevation changes
between the two surveys, all within the range of 6 to 12 inches. The Year 4 survey indicates
that some settlement or subsidence potentially occurred in localized areas along the slope
between baseline and Year 2, but does not indicate that additional settlement or subsidence is
occurring. Given that the Year 2 and Year 4 survey elevations are both lower and higher at
various locations along the slope when compared to the baseline survey, but within 6 inches
when compared to each other, the difference between the three surveys is potentially
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attributable to survey comparison artifacts and/or variability. such as transducer beam width or
latency. '

No response actions are warranted based on the results of comparison of baseline, Year 2 and
Year 4 hydrographic surveys in RA 3. An evaluation of the results indicates that there are no
significant indications of sloughing or erosional forces and that the likely differences in slope
elevations when compared to baseline are likely potential artifacts and variability between
comparing the elevations from single beam and multibeam surveys. This area will be further
evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 5

The subtidal cap area in RA 5 is located on the eastern side of the channel in the area adjacent
to the Petrich Marine Dock between Station 37+10 on the north and Station 39+75 on the south
(Figure 1). The subtidal cap area in RA 5 consists of slope cap comprised of riprap and slope
cap filter material.

The Year 2 and Year 4 surveys provided complete coverage of the capped area within.RA 5
(Figures 6 and 16, respectively). The extent of the baseline multibeam survey along the
shoreline slope capped area within RA 5 was limited to approximate elevations of -10 to -12 feet
MLLW, rather than O feet MLLW. '

In general, the Year 4 capped surface elevation is within six inches of the baseline surface
elevation and within the allowable accuracy of the survey equipment. There are small,
localized, non-contiguous points across RA 5 where the change (increase or decrease) in the
cap surface elevation is greater than six inches but less than one foot (Figure 23). The small
areas showing a slight decrease in elevation likely represent localized settlement of the cap
material. The Year 4 surface elevation is also generally within six inches of the Year 2 surface
elevation and within the allowable accuracy of the survey equipment. Along the shoreline in the
northern portion of RA 5, there is a localized area where comparison of the Year 2 and Year 4
surveys indicates an increase in the cap elevations of greater than six inches and in a few
points greater than one foot (Figure 24). This area of increased elevations was not included in
the basehne survey coverage.

As decreases in the Year 4 capped surface in comparison with the baseline and Year 2 capped
surfaces are localized and do not represent a contiguous region of elevation change, and are
less than one foot, therefore no response actions are warranted in RA 5. This area will be
further evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 6

The subtidal cap area in RA 6 is located between approximate Station 48+50 and Station 50+50
adjacent to Outfall 230 (Figure 1). The subtidal cap area in RA 6 consists of a channel sand
cap. Slope caps constructed in RA 8 extend into RA 6 but are not considered a component of
RA 6 for the purpose of subtidal cap integrity monitoring.

The Year 2 and Year 4 surveys provided complete coverage of the capped area within RA.6
(Figures 7 and 17, respectively). The baseline multibeam survey also prowded complete
coverage of the capped area within RA 6 (Figure 2).

In general, the Year 4 capped surface is within six inches of both the baseline post-construction
capped surface and the Year 4 surface, which is within the allowable accuracy of the survey
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equipment (Figures 23 and 24). No response actions are warranted for RA 6. This area will be
further evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 7A

RA 7A is located in the Foss Harbor Marina (formerly Foss Waterway Marina) harbor area on
the west side of the Thea Foss Waterway, within RA 7 (Figure 1). The subtidal cap area in RA
7A consists of a channel sand cap. Slope caps constructed in RA 8 extend into RA 7 but are
not considered a component of RA 7 for the purpose of subtidal cap integrity monitoring.

The Year 2 and Year 4 survey provided complete coverage of the capped area within RA 7A
(Figures 8 and 18, respectively). The baseline multibeam survey provided nearly complete
coverage of the capped area within RA 7A, excluding a small area, approxmately 14 feet in
size, located adjacent to the shoreward-most marina float.

In general, the Year 4 capped surface is within six inches of both the baseline post-construction
capped surface and the Year 2 surface, which is within the allowable accuracy of the survey
equipment. There are small, localized, non-contiguous points were the change (increase and
decrease) in the cap surface elevation is slightly greater than six inches but less than one foot
(Figures 23 and 24). As these points are localized and do not represent a contiguous region of
elevation change, and are less than one foot, no response actions are warranted in RA 7A.

This area' will be further evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 8

The subtidal cap area in RA 8 is located along the western shoreline from Station 52+34 on its
southern boundary to Station 34+91 on the north (Figure 1). The subtidal cap area in RA 8
consists of thick slope cap comprised of slope cap filter material, riprap, quarry spalls, and

" habitat mix.

The Year 4 survey provided nearly complete coverage of the capped area within RA 8. RA 8
coverage for the Year 4 survey is shown in Figures 17 and 18. There is one area at the north
end of the RA approximately 25 to 30 feet wide where survey coverage could not be obtained
(Figure 18). To the extent possible, this area will be inspected during the upcoming low tide
slope cap inspections. In general, however, areas of limited coverage during the Year 2 survey
were more accessible during the Year 4 survey. Coverage from the Year 2 survey is shown in
Figures 7 and 8.

There are two shoreline areas where the extent of the baseline multibeam survey was limited
and did not extend to elevation 0 feet MLLW. These areas are located shoreward of the sea
plane float near Outfall 230, and shoreward of the Foss Harbor Marina floats (Figure 2). In
these areas, post-construction single beam surveys performed by Manson were reviewed and,
where available, shoreline slope survey transects were used for comparison between the

. baseline, Year 2 and Year 4 surveys to evaluate cap surface elevations. These cross section
comparison locations are identified on Figure 23.

Three baseline single beam cross section profiles were available for the area around the sea
plane float and Outfall 230. Final post-construction baseline transects were not available in the
Foss Harbor Marina area where there is limited baseline multibeam survey coverage. These
final baseline cross sections were not available due to the presence of marina floats and
structures that prevented survey coverage. However, in this area low tide slope cap inspections
are also performed under the OMMP and can be used to supplement the hydrographic survey
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analysis in areas where complete hydrographic coverage is limited. In shoreline slope areas
that were inaccessible or blocked by large vessels, floats or obstructions, the baseline
multibeam survey had to use wider sonar angles along the slopes and to reach under such
obstructions, which can result in less accurate readings. In these shoreline slope areas where
the baseline survey coverage is limited there appears to be greater variance between the
baseline and Year 4 cap surface elevations, however comparison of the Year 2 multibeam
survey to the Year 4 multibeam survey shows limited areas of variation (Figure 24). The
variance observed in the comparison of the Year 4 survey to the baseline survey is potentially
due in part to the wider sonar angles used during the baseline survey.

Over the predominant portion of RA 8, the Year 4 capped surface elevation is within six inches
of the baseline surface elevation and within the allowable accuracy of the survey equipment.
There are localized, non-contiguous points within RA 8 where the increase or decrease in the
cap surface elevation is slightly greater than six inches but less than one foot (Figure 23).
Additionally, there are two-localized areas within the slope cap, located at approximate Station
47+10 and Station 52+25, where comparison of the baseline and Year 4 surveys indicate a
decrease in cap elevation of greater than one foot (Figure 23). The two localized areas are
approximately 8 to 9 feet in size, and were also observed in the comparison of the Year 2
survey to baseline. This comparison of the Year 2 to Year 4 surveys does not indicate that
these locations have decreased since completion of the Year 2 survey. These small areas likely
represent localized settlement of the cap material since there is not a corresponding increase in
elevation of adjacent materials. '

Along the shoreline, under the shoreward marina float located at approximate Station 41+00,
there is an area where the Year 2 survey identified a decrease in the cap surface elevation of
greater than six inches, with some points indicating a decrease in elevation of greater than one
foot (Figure 23). Conditions observed by the Year 4 survey are consistent with the observations
from the Year 2 survey (Figure 24), and do not indicate additional settlement or subsidence has
occurred in this location since the Year 2 survey in 2008. This area appears to be a localized
area of settlement or subsidence as an increase in the surface elevatlon is not present down
slope from the area of decreased elevation.

Several areas have cap surface elevations in the Year 2 and Year 4 surveys that are over one
foot higher than baseline surface elevations. The areas with higher surface elevations are in
locations where cap maintenance activities were performed. Slope cap maintenance activities
were performed at four locations on the slope cap in RA 8 within the Foss Harbor Marina and
adjacent to Outfall 230 between June 2007 and January 2008 (Year 1 Slope Cap Maintenance
Memorandum). The maintenance activities were performed to remove the exposed portion of
two treated wood piles and a portion of a debris mound protruding above the thick slope cap,
rebuild the slope at Outfall 230, and reconstruct the slope cap in these maintenance areas.
Additional slope cap materials including riprap, quarry spalls, and slope cap filter material were
placed up to three feet deep resulting in higher slope elevations in these maintenance areas in
RA 8.

Comparison of the Year 2 and Year 4 surveys indicates scour or subsidence may be occurring
at Outfall 230 at approximate Station 50+00. An area with cap elevation decreases of 6 inches
to greater than 18 inches below the Year 2 cap elevation is visible immediately adjacent to
Outfall 230 (Figure 24). This area is approximately 15 to 20 feet wide, and is located near the 0
MLLW mark. Waterward of this area is an approximate 30 foot wide zone of increased cap
elevation of 6 to 12 inches when compared to the Year 2 survey. Due to the limited coverage of
the baseline survey, this area of decreased cap elevation is not visible in the comparison of the

Final Year 4 Subtidal Cap Hydrographic Survey PFM_Final.docx ' Page 12 of 28




Year 2 or Year 4 surveys to baseline. The proposed response actions for this area of
decreased cap thickness in RA 8 adjacent to Outfall 230 are presented below in the Summary
of Preliminary Findings.

There are three cross section comparisons at the sea plane float adjacent to Outfall 230 at
Station 49+00, Station 49+50, and Station 50+75 (Figure 23). Figure 29 presents the
comparison between the baseline, Year 2 and Year 4 elevations at each of the three cross
section locations: I-I', J-J’, and K-K’. The surface elevation recorded during each survey at-10-
foot intervals along the slope of the cross sections are shown on the bottom of each section.
Low tide slope cap inspections will supplement the hydrographic survey analysis in the area
adjacent to the sea plane float and surrounding Outfall 230 where baseline survey coverage
was slightly limited from approximately -4 to 0 feet MLLW.

The comparisons of the baseline single beam transects with the Year 2 and Year 4 multibeam
surveys along this portion of the shoreline of RA 8 show that the Year 4 capped surface is within
six inches of the baseline capped surface and within the allowable accuracy of the survey
equipment. The greatest difference between baseline and Year 4 cap elevations was 0.3 feet, -
observed along cross sections I-I' and J-J’ (Figure 29). At one location along cross section I-I
the Year 4 cap elevation is 0.3 feet higher than the baseline elevation, while the Year 2 cap
elevation was 1 foot higher relative to the baseline elevation. At a location along cross section
J-J’ the Year 4 cap elevation is 0.3 feet lower than the baseline elevation, while the Year 2 cap
elevation was 0.2 feet lower than the baseline elevation (Figure 29).

In summary, the majority of the Year 4 capped surface in RA 8 is within six inches of the
baseline capped surface and within the allowable accuracy of the survey equipment. In RA 8
there are small, localized, non-contiguous points where the decrease in the cap surface
elevation is slightly greater than six inches and up to one foot. Along the shoreline, under the
shoreward marina float located at approximate Station 41+00 there is an area where the
decrease in the cap surface elevation is greater than six inches relative to baseline elevations,
with some points indicating a decrease in elevation of greater than one foot (Figure 23). This
area appears to be a localized area of settlement or subsidence as an increase in the surface
elevation is not present down slope from the area of decreased elevation. The elevation of this
area remained relatively consistent between Year 2 and Year 4. There is also an area of
decreased elevation adjacent to Outfall 230. The proposed response action for this localized
area of decreased cap elevation is discussed below in the Summary of Preliminary Findings.

As all other areas of decreased elevation in RA 8 are localized and not contiguous, no additional
response actions are warranted in RA 8. This area will be further evaluated in the Year 7
hydrographic survey analysis.

Remedial Area 9

The subtidal cap area in RA 9 is located in the mouth of the Wheeler-Osgood Waterway
between Wheeler-Osgood Station 5+00 and Station 10+00 (Figure 1). The subtidal cap area in
RA 9 consists of a channel sand cap.

The Year 4 survey provided complete coverage of the cap in RA 9 (Figure 19), and was able to
access areas that were not reached by the Year 2 survey (Figure 9) due to the location of floats
associated with the Marine Floats facility in 2008. The baseline multibeam survey provided
complete coverage of the capped area within RA 9.
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The maijority of the Year 4 capped surface elevation is within six inches of the baseline surface
elevation and within the allowable accuracy of the survey equipment, with the exception of a few
localized areas along the north and central portions of the RA (Figure 23). At approximate
Station 7+30, an approximately 20 foot wide scour area (decreased cap elevation) is visible
along the north side of the RA. Directly to the west of the scour area, an area of elevated cap
material (higher cap elevation) is visible (Figure 24). The location of this area of decreased cap
elevation is adjacent to the location of a marine tug boat that was tied to a Marine Floats dock
during the survey. This scour spot is deeper than 12 inches below the baseline cap elevation.
To the south of the deeper scour location, an approximately 50 feet wide area of lower cap .
elevation, which may also be due to scour, is visible on the comparison of the Year 4 survey to
baseline in Figure 23. However, there is no adjacent elevated area that would indicate material
movement typically associated with scour. This area is at an elevation between 6 and 12 inches
below the baseline cap elevation. Proposed response actions for the scour areas or decreased
cap thickness in RA 9 are presented below in the Summary of Preliminary Findings. -

In addition to the area discussed above, there are a few scattered areas of small, localized, non-
contiguous points (less than 10 feet in size) where the decrease in the cap surface elevation is
greater than six inches but generally less than one foot (Figure 23). As these points are
localized and do not represent a contiguous region of elevation change, and are generally less
than one foot, no response actions are warranted for these localized occurrences in RA9. RA9
and particularly the scour area will be further evaluated in the Year 7 hydrographic survey
analysis.

Remedial Area 14

The subtidal cap area in RA 14 is located on the eastern side of the channel in the area
adjacent to the J.M. Martinac Shipbuilding facility (Figure 1). The subtidal cap area in RA 14
consists of slope cap comprised qf slope cap filter material, quarry spalls, and habitat mix.

The Year 4 survey provided complete coverage of the northern and western half of the subtidal
capped- area within RA 14. However, due to the significant number of piling, vessels and boom
floats, the extent of the Year 4 multibeam survey in the middle and southeastern (shoreward)
portion of the capped area within RA 14 was limited to approximate elevations -2 or -4 feet
MLLW in two areas, rather than 0 feet MLLW (Figure 20). The Year 4 survey coverage in the
northern portion of the RA was more comprehensive than that of the Year 2 survey, but the
Year 2 survey included some coverage of the eastern portion of the RA that was maccessmle
during the Year 4 survey (See Figures 10 and 20).

Comparison of the baseline and Year 4 surveys shows that in approximately a third of the
capped area within RA 14 the Year 4 elevation is higher (shallower) than the baseline elevation
by greater than 12 inches (Figure 23). This was previously observed in the comparison of the
Year 2.surface elevation to the baseline surface elevation. Upon review of the dates of the
baseline survey and final cap construction it was determined that the slope cap in RA 14 was
completed on January 4, 2006, and the baseline survey was performed in RA 14 prior to cap
completion on December 22, 2005. Therefore, the baseline survey did not include the final
capped surface elevation.

In general, the Year 4 capped surface elevation is within six inches of the Year 2 surface
elevation and within the allowable accuracy of the survey equipment. There are a few small,
localized, non-contiguous points across RA 14 where the change (increase or decrease) in the
cap surface elevation is greater than six inches but less than one foot. In a few of these
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localized areas, there is a decrease in cap elevation of greater than one foot but less than 18
inches (Figure 24). As these points are localized, do not represent a contiguous region of
elevation change, and are for the most part less than one foot, no response actions are
warranted in RA 14.

In the slope cap area of RA 14, low tide slope cap inspections are also performed in accordance
with the OMMP and can be used to supplement the hydrographic survey analysis in areas
where complete hydrographic coverage was limited due to the presence of structures and
facilities. Additionally, RA 14 will be further evaluated in the Year 7 hydrographic survey
analysis.

Remedial Area 16

The two subtidal cap areas in RA 16 are located on the eastern side of the Thea Foss
Waterway within Delin Docks Marina between Station 57+00 and Station 58+85, and Station
52+50 and Station 55+25 (Figure 1). The subtidal cap areas in RA 16 consist of a channel sand
cap.

The Year 4 survey provided comprehensive coverage of the capped areas within RA 16, with
only a few small (< 5 feet) areas of limited coverage due to docks and vessels in the marina
area. These areas are visible as white spots on Figure 21. Figure 11 presents the survey
coverage from the Year 2 survey. In the northern capped area within RA 16 the extent of the
baseline multibeam survey was limited under the shoreward floats and did not extend to the
shoreward edge of the capped area as visible in the comparison of the baseline and Year 4
surveys (Figure 23).

in general, the Year 4 capped surface is within six inches of the baseline post-construction
capped surface and within the allowable accuracy of the survey equipment. In both the northern
and the southern capped portions of RA 16, the areas beneath the marina floats contain several
non-contiguous points where the increase in the cap surface elevation is slightly greater than six
inches but less than one foot, and a few instances where increases in cap elevation are greater
than one foot. These elevation increases are visible in comparison of the Year 4 survey to
baseline (Figure 23) and to the Year 2 survey (Figure 24). These points may represent areas of
less accurate survey data due to the location of the marine floats, and access to the area, or
may be representative of settlement of shell debris beneath the marine float structures which is
a common occurrence in similar environments. This occurrence of elevated surface is observed
beneath marina floats in other RAs in the waterway as well. As these points are localized and
do not represent a contiguous region-of elevation change, no response actions are warranted in
RA 16. RA 16 will be further evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 17

The subtidal cap area in RA 17 is located in the central channel of the Thea Foss Waterway,
“adjacent to the capped areas within RA 16 and RA 19A (Figure 1). The subtidal cap area in RA
17 consists of a channel sand cap from Station 54+85 to Station 58+75.

The Year 2 and Year 4 surveys (Figures 11 and 21, respectively) and the baseline multibeam
survey provided complete coverage of the capped area within RA 17.

In the majority of the capped area within RA 17, the Year 4 cap surface elevation is within six
inches of the baseline surface elevation and within the allowable accuracy of the survey
equipment. There is an area between approximate Station 56+00 and Station 57+00 where the
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decrease in the Year 4 cap surface elevation is greater than six inches but less than one foot
relative to the baseline surface elevation (Figure 23). However this area was previously
observed in Year 2 in the comparison of the Year 2 surface elevation to the baseline surface
elevation, and appears to be an area of settlement or subsidence of cap material. There is not
an adjacent area of increased elevation which would indicate movement of material in the
immediate area. A comparison of the Year 4 cap surface to the Year 2 cap surface shows that
generally elevations have remained within six inches during the last two years and are within the
allowable accuracy of the survey equipment (Figure 24).

The elevations between Year 2 and Year 4 are consistent, with differences of less than 6 inches
indicating that additional cap settlement or subsidence has not occurred. This, along with
comparing the Year 4 surface and the baseline surface which exhibits a potential change in cap
elevation that is less than one foot, no response actions are warranted at this time. However,
this area will be further evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 18

The subtidal cap area in RA 18 is located in the central channel of the Thea Foss Waterway,
adjacent to the capped area within RA 17 and RA 19A (Figure 1). The subtidal cap area in RA
18 consists of a channel sand cap.

The Year 2 and Year 4 surveys (Figures 11 and 21, respectively), and the baseline muitibeam
survey provided complete coverage of the capped area within RA 18.

In general, the Year 4 capped surface elevation is within six inches of both the baseline surface
elevation and the Year 2 surface elevation, which is within the allowable accuracy of the survey
equipment. In comparing the Year 4 surface elevation to the baseline surface elevation, there
are several small, localized, non-contiguous points (less than 5 feet in size) where the decrease
in the Year 4 cap surface elevation is slightly greater than six inches but less than one foot.
Additionally, there is a localized area within the channel sand cap, located at approximate
Station 60+75, where comparison of the baseline and Year 4 surveys indicate a decrease in cap
elevation of greater than one foot (Figure 23). This localized area is not visible on the
comparison of the Year 4 to Year 2 surveys, indicating additional subsidence in this area since
Year 2 is not suspected. The localized area is approximately 5 feet in size. The small areas of
changed elevation in RA 18 likely represent localized settlement of the cap material since there
is not a corresponding increase in elevation of adjacent materials. As these points are localized
and do not represent a contiguous region of elevation change, and are generally less than one
foot, no response actions are warranted in RA 18. This area will be further evaluated in the
Year 7 hydrographic survey analysis.

Remedial Area 19A

The subtidal cap area in RA 19A is located on the southwestern shoreline of the Thea Foss
Waterway, adjacent to capped areas of RA 17, RA 18, RA 19B, and RA 21 (Figure 1). The
'subtidal cap area in RA 19A consists of a combination of a grout mat, channel sand cap, and a
slope cap comprised of slope cap filter material, riprap, and habitat mix.

In RA 19A, a six-inch thick grout-filled Uniform Section Mat (USM) was placed on the bottom
from approximately four feet into the channel across the channel line and up to an elevation of
+3 feet MLLW between approximate Station 68+00 to Station 65+50. - The USM was then
overlain with a 12-inch layer of channel sand and the slopes covered with a slope cap consisting
of filter material, riprap, and habitat mix. In RA 19A between approximate Station 65+50 and
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Station 62+25, a channel sand cap was placed in the harbor areas and a cap comprised of
slope cap filter material, riprap, and habitat mix was placed on the shoreline.

The Year 4 survey provided nearly complete coverage of the capped areas within RA 19A.
However, there were two small areas under marina floats where complete survey coverage
could not be obtained (Figures 21 and 22). The first area, located at approximate Station 57+80
to Station 58+20 is approximately 5 feet to 10 feet wide along the shoreline at approximate
elevation 0 to -2 MLLW. The second area, located at approximate Station 62+75 is less than 5.
feet wide, and located directly beneath a marine float. A greater level of coverage was obtained
by the Year 4 survey than by the Year 2 survey (Figures 11 and 12). The baseline multibeam
survey had limited coverage in the Dock Street Marina area extending from the shoreward-most
floats to 0 feet MLLW along the western boundary of RA 19A (Figure 2). In these areas, where
available, post-construction single beam surveys performed by Manson were reviewed and
shoreline slope survey transects were used for comparison between the baseline, Year 2 and
Year 4 surveys to evaluate cap surface elevations. The cross section comparison locations are
identified on Figures 23 and 24.

In shoreline slope areas that were inaccessible or blocked by large vessels, floats or
obstructions, the baseline multibeam survey had to use wider sonar angles along the slopes
and to reach under such obstructions, which can result in less accurate readings. In the
shoreline slope areas where the baseline survey coverage is limited there appears to be greater
variance between the baseline and Year 2 and Year 4 cap surface elevations. However, this
variance is likely due in part to the wider sonar angles that were necessary to reach under
obstructions during the baseline survey.

Two cross section comparisons were performed for the area adjacent to Dock Street Marina
(Station 56+00 and Station 57+00) and one cross section comparison was performed for the -
area further south (Station 62+75). Figure 30 presents the comparison between the baseline,
Year 2 and Year 4 elevations at each of the three cross section locations: L-L', M-M’, and N-N'.
The surface elevations for each of the three surveys, at 10-foot intervals along the cross
sections, as well as the difference between the baseline and the Year 4 elevations and between
the Year 2 and Year 4 elevations are shown on the bottom of each cross section.

Over the predominant portion of RA 19A, the Year 4 capped surface elevation is within six
inches of the baseline and Year 2 surface elevations and within the allowable accuracy of the
survey equipment. In general, over the predominant portion of RA 19A there are small,
localized, non-contiguous points where the decrease in the cap surface elevation is slightly
greater than six inches but less than one foot (Figure 23).

There are three locations in RA 19A with limited baseline survey coverage and decreases in the
cap surface elevations of greater than six inches are present. These areas are discussed below
and are located at the following approximate stations: 1) Station 54+00; 2) Station 55+00 to
Station 60+00; and 3) Station 60+50 to Station 61+80.

A small, localized, non-contiguous area of decreased cap elevation between 6 inches and one
foot is present at approximate Station 54+00. This area appears to be an area of setttement or
subsidence that occurred between Year 2 and Year 4, as an increase in the surface elevatlon is
not present down slope from the area of decreased elevation.

Along the shoreward portion of the capped'areé within RA 19A, adjacent to Dock Street Marina
between Station 55+00 and Station 60+00, the baseline multibeam survey coverage was limited
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from approximately -10 to 0 feet MLLW. The comparison of the baseline and Year 4 multibeam
surveys in this area showed that there is a decrease in cap elevation that is greater than six
inches and at some points, the decrease is greater than one foot. These conditions were similar
to those observed in the comparison of the Year 2 survey to the baseline survey. Comparison
of the Year 4 and Year 2 surveys indicates changes in cap surface elevation from Year 2 to
Year 4 are more limited, localized, non-contiguous areas that include both decreased and
increased cap elevations, mainly around station 58+00. Additionally, the comparison of three
baseline single-beam transects with the Year 4 multibeam survey show that the Year 4 cap
surface elevations range from 0.9 feet higher to 1.1 feet lower than the baseline cap surface
elevations (Figure 30). This is a similar range to the variation in elevation between the Year 2
and baseline surveys. This area appears to be an area of settlement or subsidence that
occurred between baseline and Year 2, as an increase in the surface elevation is not present
down slope from the area of decreased elevation, and elevatlon changes between Year 2 and
Year 4 are more limited.

Along the shoreline, between approximate Station 60+50 and Station 61+80, there is an area
where the decrease in the cap surface elevation is greater than six inches but less than one foot
between the baseline and Year 4 surveys (Figure 23). This area appears to be a localized area
of settlement or subsidence as an increase in the surface elevation is not present down slope
from the area of decreased elevation. This area is not visible in the comparison of the Year 2
and Year 4 surveys (Figure 24) indicating conditions in this area have remained consistent since
completion of the Year 2 survey.

In the RA 19A subtidal cap area overlying the grout mat and under the marina floats (Station
62+00 to Station 63+00) the baseline survey coverage was limited from approximately -10 to 0
feet MLLW. The comparison of the baseline and Year 4 surveys indicate there are localized
points where there are increases and decreases in the cap elevation that are greater than six
inches. A comparison of a baseline single beam transect with the Year 4 multibeam survey was
conducted at Station 62+75 and showed that the Year 4 capped surface is within six inches of -
the baseline post-construction capped surface and within the allowable accuracy of the survey
equipment (Figure 30).

Consistent with the Year 2 survey, comparison of the Year 4 and baseline surveys indicates an
area of increased cap elevation ranging from 6 inches to greater than 1 foot between
approximate Station 64+80 to Station 68+00. Similar conditions were observed in the Year 2
cap comparison. to baseline, indicating conditions in this area have not changed substantially
since completion of the Year 2 survey (Figure 24).

As stated above, over the predominant portion of RA 19A, the Year 4 capped surface is within
six inches of the baseline post-construction capped surface and within the allowable accuracy of
the survey equipment. There are small, localized, non-contiguous points where there are
increases and decreases in the cap surface elevations that are slightly greater than six inches.
Along the shoreline, between approximate Station 55+80 and Station 59+80 there are small,
localized areas where the decrease in the cap surface elevation is greater than one foot. As
these areas are localized, limited in extent, and have not changed substantially since
completion of the Year 2 survey, no response actions are warranted for these locations at this
time. Along the shoreward portion of two capped areas within RA 19A the baseline multibeam
survey coverage was limited and the comparison of the baseline and Year 4 multibeam surveys
indicate there are localized points where the cap elevation decreases or increases greater than
six inches. However, comparison of post construction single beam surveys indicate that in
general the Year 4 capped surface is within six inches of the baseline post-construction capped
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surface, with localized points with decreases in the cap surface elevation that are slightly
greater than one foot. Based on the evaluation of post-construction single beam surveys, no
response actions are warranted in the shoreline areas of RA 19A. RA 19A will be further
evaluated in the Year 7 hydrographic survey analysis.

Remedial Area 19B

The subtidal cap area in RA 19B is located on the southwestern shoreline of the Thea Foss
Waterway, adjacent to the sheetpile wall separating the City and Utilities work areas
(approximate Station 70+10) and RA 19A (Figure 1). The subtidal cap area in RA 19B consists
of a combination of grout mat, channel sand cap, and a slope cap comprised of slope cap filter
material, riprap, and habitat mix. The grout mat as described above in RA 19A, is also present
in RA 19B, extending from Station 68+00 to Station 70+10.

The Year 4 survey provided near complete coverage of the capped areas within RA 19B with a
few scattered locations of limited data (< 5 feet) beneath floats in the Dock Street Marina. A
greater degree of coverage was obtained by the Year 4 survey compared to the Year 2 survey.
Baseline survey data in RA 19B is limited along the shoreline from approximate Station 62+30
to Station 63+00 and from approximate Station 64+50 to Station 68+75. Comparison of the
Year 2 and Year 4 surveys was possible due to the increased data coverage by both multibeam
surveys.

Over the predominant portion of RA 19B, the Year 4 capped surface elevation is within six
inches of the baseline surface elevation and within the allowable accuracy of the survey
equipment (Figure 23). However, as mentioned above, and relatively consistent with Year 2
surveyed elevations, there are two areas in RA 19B with limited baseline survey coverage, and
increases and decreases in the cap surface elevations of greater than six inches appear to be
present. These areas are discussed below and are located at the following approximate
stations: 1) Station 62+30 to Station 64+00; and 2) Station 64+50 to Station 68+75. A third
area with decreases in cap surface elevation of greater than 6 inches but less than 1 foot, and
limited areas of decreased elevation greater than one foot are also present between
approximate Station 68+80 and Station 70+10, and discussed below.

Along the shoreline, between approximate Station 64+50 to Station 68+75 there is an area
where the increase in the cap surface elevation is greater than one foot as discussed in the
section above for RA 19A (Figure 23). This area continues into RA 19B at Station 68+00, and
appears to be a localized area of deposition. However, a comparison of a baseline single beam
transect with the Year 2 and Year 4 multibeam surveys at Station 68+50 shows that the Year 2
and Year 4 capped surfaces are within six inches of the baseline post-construction capped
surface and within the allowable accuracy of the survey equipment (Figure 23). In addition,
comparison of the Year 2 and Year 4 surveys shows consistent conditions in cap surface
elevation between the Year 2 and Year 4 surveys (Figure 24). Figure 31 presents the
comparison between the baseline, Year 2 and Year 4 elevations at the cross section location O-
Q'. The surface elevation at 10-foot intervals along the slope of the cross section, as well as the
difference between the baseline and the Year 4 elevations and between the Year 2 and Year 4
elevations are shown on the bottom of the section. The comparison of the baseline single beam
transect with the Year 2 and Year 4 multibeam surveys along the shoreline of RA 19B shows
that the Year 4 capped surface ranges from 0.3 feet higher to 1.3 feet lower than the baseline
surface at one location. This range in elevation is consistent with the range of elevation
difference between the Year 2 and baseline surveys. In general, the Year 4 cap surface is
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W|th|n six inches of the baseline post-construction capped surface and within the allowable
accuracy of the survey equipment (Figure 31).

Along the shoreline, between approximate Station 68+80 and Station 70+10 there is an area
where the decrease in the cap surface elevation is greater than six inches but less than one
foot, with a few limited areas (< 5 feet) of cap surface elevation decreases greater than 1 foot
(Figure 23) between the Year 4 and baseline surveys. This area appears to be a localized area
of settlement or subsidence, or potentially erosion, but not cap sloughing as an increase in the
surface elevation is not present down slope from the area of decreased elevation. Comparison
of the Year 2 and Year 4 surveys shows a few small scattered areas of decreased cap elevation
greater than 6 inches but less than 1 foot. These locations are limited in size, non-contiguous,
and are located in the same area of decreased cap elevation observed in comparison of the
Year 4 to baseline survey.

In general, the Year 4 capped surface is within six inches of the baseline post-construction
capped surface and within the allowable accuracy of the survey equipment. Along the
shoreline, between approximate Station 68+80 and Station 70+10 there is an area where the
decrease in the cap surface elevation is greater than six inches but less than one foot (Figure
23) with a few, small areas of cap surface elevation greater than one foot. As conditions have
remained consistent between the Year 2 and Year 4 surveys, and the areas are limited, non-
contiguous, and less than 5 feet in size, no response actions are warranted in the shoreline
areas of RA 19B. RA 19B will be further evaluated in the Year 7 hydrographic survey analysis.

Remediai Area 20

The subtidal cap area in RA 20 is located on the eastern side of the channel in the area
adjacent to the Johnny’s Dock and Foss Landing marinas between Station 70+10 and Station
62+50 (Figure 1). The subtidal cap area in RA 20 consists of a channel sand cap in the harbor
area and a slope cap comprised of slope cap filter material, riprap, and habitat mix.

The Year 4 survey provided nearly complete coverage of the capped area within RA 20 (Figure
22). The extent of the Year 4 survey was able to extend up to 0 feet MLLW, providing greater -
coverage of the northeastern end of the RA than the Year 2 survey as shown in Figure 12. The
baseline survey coverage was also limited shoreward of the Johnny’s Dock floats between
Station 62+20 to Station 63+80 and Station 66+00 to Station 67+00, as well as shoreward of the
Foss Landing floats between Station 67+50 to Station 70+00. This limitation in coverage is
visible in the comparison of the Year 4 survey to the baseline survey shown in Figure 23.

Over the predominant portion of RA 20, the Year 4 capped surface elevation is within six inches
of the baseline and Year 2 surface elevations and within the allowable accuracy of the survey
equipment. In general, over the predominant portion of RA 20 there are few, small, localized,
non-contiguous points where the decrease in the cap surface elevation from baseline and Year
2 to Year 4 is slightly greater than six inches but less than one foot (Figure 23). There is a
localized area within the channel sand cap, located at approximate Station 69+80, where
comparison of the Year 2 and Year 4 surveys indicate a decrease in cap elevation of greater
than one foot (Figure 24), however when the Year 4 survey is compared to the baseline survey,
this area is shown as an area of increased elevation from baseline. This potentially indicates
sediment deposition may have occurred between baseline and Year 2 which then settled or
eroded between Year 2 and Year 4. The localized area is less than 10 feet in size.
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In areas of limited baseline survey coverage, post-construction single beam surveys performed
by Manson were reviewed and shoreline slope survey transects were used for comparison
between the baseline, Year 2 and Year 4 surveys to evaluate cap surface elevations. The cross
section comparison locations are identified on Figures 23 and 24. Two cross section
comparisons were performed for the areas adjacent to the Johnny’s Dock floats at Station
66+75 and Foss Landing floats at Station 68+50.

In the slope cap areas of RA 20 low tide slope cap inspections are also performed and can be
used to supplement the hydrographic survey analysis in areas where hydrographic coverage is
limited due to the presence of structures, marina docks, and facilities such as in Johnny’s Dock
floats between Station 62+20 to Station 63+80 and Foss Landing floats between Station 67+50
to Station 70+00.

Figure 31 presents the comparison between the baseline, Year 2 and Year 4 elevations at the
cross section locations: P-P’ and Q-Q’. The surface elevations at 10-foot intervals along the
slope of the cross sections, and the difference in elevation between the baseline and the Year 4
elevations and between the Year 2 and Year 4 elevations are shown on the bottom of each
section. The comparisons of the baseline single beam survey with the Year 2 and Year 4
multibeam surveys along the shoreline of RA 20 show that the Year 4 capped surface in some
locations ranges from 0.2 feet to 1.1 feet lower than the baseline surface, and up to 0.5 feet
higher than the baseline surface (Figure 29). This is the same range of variation between the
Year 2 and baseline survey presented in the 2008 Preliminary Findings Memorandum,
indicating that elevations remained relatively consistent between Year 2 and Year 4.

In general, the Year 4 capped surface elevation in RA 20 is within six inches of the baseline
surface elevation and within the allowable accuracy of the survey equipment. There are small,
localized, non-contiguous points where the decrease in the cap surface elevation is slightly
greater than six inches but less than one foot (Figure 23). As these points are localized, do not
represent a contiguous region of elevation change, and are less than one foot, no response
actions are warranted in RA 20. RA 20 will be further evaluated in the Year 7 hydrographic
survey analysis.

Remedial Area 21

The subtidal cap area in RA 21 is located in the central channel of the Thea Foss Waterway,
adjacent to the capped areas within RA 18, RA 19A, and RA 20 (Figure 1). The subtidal cap
area in RA 20 consists of a channel sand cap.

The Year 2 and Year 4 surveys (Figures 12 and 22, respectively), and the baseline multibeam
survey provided complete coverage of the capped area within RA 21.

The Year 4 capped surface elevation is within six inches of both the baseline surface elevation
and the Year 2 surface elevation, which is within the allowable accuracy of the survey
equipment (Figures 23 and 24). No response actions are warranted for RA 21.

" Remedial Area 22

The subtidal cap area in RA 22 is located in the channel, at the southern end of the Thea Foss
Waterway, adjacent to the capped areas within RA 19B, RA 20 and RA 21 (Figure 1). The
subtidal cap area in RA 22 consists of a channel sand cap and a rock buttress to support the
cantilevered portion of a submerged sheetpile wall installed by the Utilities at the southern end
of the RA.
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The Year 2 and Year 4 surveys (Figures 12 and 22, respectively), and the baseline multibeam
survey provided complete coverage of the capped area within RA 22.

The Year 4 capped surface elevation for the channel sand cap area is generally within six
inches of both the baseline surface elevation and the Year 2 surface elevation, which is within
the allowable accuracy of the survey equipment (Figures 23 and 24). Therefore, no response
actions are warranted. The eastern portion of the rock buttress adjacent to the sheetpile wall
indicates a decrease in elevation of greater than six inches and in places greater than one foot
but less than 18 inches when comparing the Year 4 surface elevation to the baseline surface
elevation (Figure 23). In this same location, a comparison of the Year 4 surface elevation to the
Year 2 surface elevation shows a decrease in elevation of greater than six inches, but generally
less than one foot (Figure 24). As the rock buttress is up to 10 feet high in this area, a potential
decrease in elevation that is less than one foot does not warrant evaluation of response actions.
However, the rock buttress area, as well as the channel cap in RA 22, will be further evaluated
in the Year 7 hydrographic survey analysis. -

SUMMARY OF PRELIMINARY FINDINGS

The following summarizes the preliminary findings from the Year 4 hydrographic survey and
comparison of the Year 4 survey to the baseline and Year 2 surveys:

o Nearly complete coverage of the subtidal slope, grout mat, and channel sand cap areas
was achieved in the Year 4 hydrographic survey.

e The Year 4 hydrographic survey was performed using equipment and procedures
comparable to the baseline and Year 2 multibeam hydrographic surveys.

¢ Single beam baseline transect lines were used, where available, in shoreline areas of
limited baseline multibeam survey coverage to aid in evaluating cap surface elevations.

e Low tide slope cap inspections can be used to supplement the hydrographic survey
analysis in shoreline slope cap areas where baseline hydrographic survey coverage is
limited due to the presence of structures, marina docks and facilities.

¢ In shoreline slope areas that were inaccessible or blocked by large vessels, floats or
obstructions, the baseline multibeam survey had to use wider sonar angles along the
slopes and to reach under such obstructions, which can result in less accurate readings.
Variances identified in shoreline slope areas of limited baseline survey coverage are
~ potentially due in part to the wider sonar angles that were necessary to reach under
obstructions during the baseline survey.

e In general, the Year 4 cap surface elevations are within six inches of the baseline
: surface elevation and within the allowable accuracy of the survey equipment.

e A comparison of the Year 2 to the Year 4 survey shows that the elevations in most areas
have remained fairly consistent during the past two years.
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There are limited locations where the decrease in the cap surface elevation from
baseline to Year 4 is greater than six inches but less than one foot. These locations are
generally small, localized, and non-contiguous.

Proposed Response Actions

There are two areas identified by the Year 4 survey with proposed response actions. These
areas, as discussed in the previous section show conditions that elicit the proposed response
actions described below that include development and application of additional operational best
management practices (BMPs), additional cap performance monitoring, and data evaluation
prior to the next survey conducted in Year 7 (2013). The proposed response actions for RA 8
and RA 9 include the following:

RA 8: The area immediately adjacent to Outfall 230 in RA 8 shows a decrease in cap
elevation of greater than 18 inches. This area is immediately adjacent to a downgradient
area of increased cap elevation of greater than 1 foot. This decrease in elevation is not
visible on the comparison of the Year 4 survey to baseline due to limitations in the
baseline survey coverage. The decrease in cap elevation from Year 2 to Year 4 is
visible in Figure 24.

Due to a decrease in cap surface elevation identified in-the baseline survey, slope cap
maintenance work at Outfall 230 was conducted in January 2008. In this maintenance
area, 18 inches of slope cap filter material was placed over the area beneath the outfall
and on the south side of the outfall. Beneath the outfall, the slope cap filter material was
then covered with an 18-inch thick layer of light rip rap. On the south side of the outfall,
the slope cap filter material was covered with an 18-inch thick layer of quarry spalls.
Habitat mix was then placed over the I|ght rip rap and quarry spalls in the maintenance

©areas.

The results of the Year 4 survey indicate a reoccurrence of the decrease in cap elevation
from settlement and/or loss of cap material due to the steep slope beneath the outfall
and drainage flows that have occurred. As a result, the following response actions are
proposed for this location to investigate cap conditions:

o Low tide cap inspections will be conducted in 2010, and will allow some visual
observation of cap condition, erosion, and potential scour at this location.
Results of the slope cap inspection in this area will be described in.the Slope Cap
Inspection PFM. :

o As part of the slope cap performance monitoring, a three point composite sample
is taken from the southern portion of RA 8, with one of the three sampling points
located near the outfall. The discrete slope cap sample that is collected adjacent
to the area of decreased cap thickness will be archived. If the RA 8 slope cap
composite sample SC-08B has any SQO exceedences, the discrete slope cap
sample from this area will be analyzed for those chemicals that exceeded the
SQOs. The location of the slope cap discrete sample proposed for archival and
potential analyses is shown in Figure 32. Results of the slope cap performance
monitoring in this area will be described in the Sediment and Cap Performance
Monltorlng PFM.
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The results of these inspections and potential additional chemical testing will be used to
determine if additional actions may be required to repair the cap in thas area, and will be
discussed with EPA.

e RA9: InRA 9 at approximate Station 7+30, an area of decreased cap elevation greater
than 18 inches is visible along the northern side of the waterway. The depression is
approximately 20 feet wide. An associated area of elevated cap is present to the west of
the depression. This area is located immediately adjacent to a marine float, where a tug .
boat was moored at the time of the Year 4 survey, and operations at the Marine Floats

facility may be impacting the cap in this area. Proposed response actlons in this area
include the following:

o Collection of an additional sediment performance monitoring sample in RA 9 at

“the deepest point of the cap scour depression as part of the Year 4 performance
monitoring event. The depression point is located approximately 140 feet to west
of the existing RA 9 cap performance monitoring location CC-18. The location of
the depression, the proposed additional cap performance monitoring location,
and CC-18 are shown in Figure 33. The additional cap performance sample
collected from within the cap depression will be analyzed for all COCs and the
results will be used to evaluate whether the decreased cap thickness is impacting
the chemical containment effectiveness of the cap in this location. Results of the
additional cap performance monitoring sample in this area will be described in
the Sediment and Cap Performance Monitoring PFM.

o Coordination with Marine Floats in the development and application of BMPs for
their overwater operations in RA 9 to protect the cap from tug scour. The original
remedy design for RA 9 was dredging 1o a clean surface and backfilling to fill the
depression. Therefore, scour modeling was not conducted, nor were BMPs
developed for the Marine Floats operations for cap protection. However,
detected chemical concentrations in the post-dredge samples exceeded the
SQOs (PAHs and one pesticide) and as a result, the sand backfilling placed in
RA 9 was ultimately considered a channel sand cap. The City will notify EPA of
the BMPs developed with the Marine Floats facility. The additional BMPs will
also be presented in the Year 4 Annual Monitoring Report.

In addition, an area of limited, decreased cap elevation greater than 6 inches and less
than 12 inches was identified from approximate Station 7+50 to Station 7+80, and spans
the width of the waterway. This area is not visible in the comparison of Year 4 to Year 2
(Figures 24 and 32), which may indicate this decrease in cap elevation resulted from
initial settlement, and may not be an ongoing concern. Since this area is limited in size,
and is less than 1 foot below the baseline elevation, no response action is required for
this area. However, if changes in cap elevation are due to facility operations, BMPs
developed for the Marine Floats are likely to benefit this area.

Areas to Further Evaluate in the Year 7 Hydrographic Survey Analyses

Although all RAs will be further evaluated for cap integrity during the Year 7 evaluation planned
for 2013, additional focus will be placed on two types of areas in the Year 7 hydrographic survey
analysis to identify whether changes in the surface elevation are occurring. These areas
include: 1) those that exhibit decreases in the cap surface elevation from baseline to Year 4
that are greater than six inches but less than one foot; and 2) those that exhibit decreases in the
cap surface elevation from baseline to Year 4 that are greater than one foot but are small,
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localized, and non-contiguous. These two types of areas are further described in the following
sections.

Areas with Greater Than Six Inches and Less Than One Foot Decreases in Cap Surface
Elevation

There are five localized yet continuous areas in three RAs where the decrease in the cap
surface elevation from baseline to Year 4 is greater than six inches but less than one foot.
These areas are located in RA 17, RA 19A, and RA 19B and are summarized below:

¢ RA 17: Between approximate Station 56+00 and Station 57+00 there is an area where
the decrease in the cap surface elevation is greater than six inches but less than one
foot (Figure 23). The area appears to be an area of initial settlement or subsidence of
cap material post-construction, as it did not vary in elevation between the Year 2 and
Year 4 surveys. :

e RA 19A: There are three areas or locations in RA 19A that showed decreases in the
cap surface elevations of greater than six inches in the Year 4 to baseline comparison
(see Figure 23). These areas are discussed below and are located at the following
approximate stations: 1) Station 55+00 to Station 60+00; 2) Station 60+50 to Station
61+80; and 3) Station 54+00. Areas 1 and 2 are adjacent to or underlying shoreward
Dock Street Marina floats, and are areas of limited baseline multibeam survey coverage.
Area 2, located between Station 60+50 and Station 61+80, is located at approximately 0
feet MLLW. In all three of these areas, the decrease in the cap surface elevation is
greater than six inches but less than one foot. Throughout these areas, small,
discontinuous zones are present with a decrease in cap elevation greater than one foot.
These areas appear to be localized areas of settlement or subsidence as an increase in
the surface elevation is not present down slope from the areas of decreased elevation.
Cap surface elevation variance between baseline and Year 4 along the marina slope cap
areas may also be related to decreased baseline survey accuracy related to the use of
wider sonar angles that were necessary to reach under obstructions during the baseline
survey. For the most part, the area did not vary in elevation between the Year 2 and
Year 4 surveys.

e RA19B: Along the shoreline, between approximate Station 68+80 and Station 70+10
there is an area where the decrease in the cap surface elevation is greater than six
inches but less than one foot (Figure 23). This area appears to be a localized area of
settlement or subsidence as an increase in the surface elevation is not present down
slope from the area of decreased elevation. For the most part, the area did not vary in
elevation between the Year 2 and Year 4 surveys.

Given that the decrease in cap surface elevation in these areas is less than one foot and does
not appear to be progressing as indicated by the Year 4 to Year 2 survey comparison, no
response actions are warranted to address the conditions discussed above in RA 17, RA 19A
and RA 19B at this time. These areas will be further evaluated in the Year 7 hydrographic
survey analysis.

Areas with Greater Than One Foot Decrease in Cap Surface Elevation

There are three RAs with areas where a decrease in the cap surface elevation from baseline to
Year 4 is greater than one foot; however the areas are generally small, localized, and non-
contiguous. These locations are summarized below:
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e RA 1: Along the shoreline slope cap, the decrease in siope cap elevations range from
less than six inches to 2.4 feet as shown in the cross sections in Figure 26. The Year 4
elevations along the slope and channel do not indicate sloughing, as at the toe of the
slope the elevations are relatively consistent. The Year 4 survey potentially indicates
that some settlement or subsidence has occurred along the shoreline slope; however
conditions observed in the Year 4 survey are similar to the conditions observed in the
Year 2 survey indicating that there does not appear to be an ongoing issue. Additionally,
the difference between the Year 4 and baseline surveys is potentially attributable to
survey comparison artifacts and/or variability associated with comparing single beam
and multibeam surveys, such as transducer beam width or latency.

¢ RA 3: Along the shoreline slope capped areas the Year 4 survey shows increased
variability in the change in surface elevations. Year 4 cap surface elevations are both
lower and higher in areas than the baseline elevations. The decrease in slope cap
elevations range from less than six inches to 1.9 feet (Figure 28). The Year 4 elevations
along the slope and channel do not indicate sloughing, since elevations are relatively
consistent at the toe of the slope. The Year 4 survey indicates that some settlement or
subsidence has potentially occurred in localized areas along the slope. However, given

“that the Year 4 surveyed elevations are both lower and higher in areas along the slope,

and the elevations observed during the Year 2 and Year 4 surveys are consistent, the
difference between the Year 4 and baseline surveys is likely attributable to survey
comparison artifacts and/or variability associated with comparing single beam and
multibeam surveys, such as transducer beam width or latency.

¢ RA8: There are two small localized areas within the slope cap where the survey
comparisons indicate a decrease in cap elevation of greater than one foot (Figure 23).
The two localized areas are approximately 8 to 9 feet in size, and are consistent with
observations from the Year 2 survey. Additionally, along the shoreline, under the
shoreward marine float located at approximate Station 41+00 there is an area where the
decrease in the cap surface elevation is greater than six inches, with some points
indicating a decrease in elevation of greater than one foot (Figure 23). This observation
is also consistent with the Year 2 survey observations. This area appears to be a
localized area of settlement or subsidence as an increase in the surface elevation is not
present down slope from the area of decreased elevation. Cap surface elevation
variance between baseline and Year 4 along the marina slope cap areas may also be
related to decreased baseline survey accuracy related to the use of wider sonar angles
that were necessary to reach under obstructions during the baseline survey.

These areas with small, localized, and non-contiguous points showing a decrease in the cap
surface elevation from baseline to Year 4 are potentially attributable to artifacts of the baseline
single beam surveys compared to the multibeam surveys. In the case of RAs 1 and 3,
comparison of the Year 2 and Year 4 surveys indicates conditions are stable, and do not
indicate that ongoing slope compaction or subsidence is occurring. As these points are
localized and do not represent a contiguous region of elevation change, and are potentially
attributable to artifacts of the baseline single beam surveys compared to the multibeam surveys,
no response actions are warranted at this time. These areas will be further evaluated in the
Year 7 hydrographic survey analysis.
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Department Figure E-1 (1995).
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